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Floodplain Distribution of Fishes of the Bitterroot River, with 
Emphasis on Introduced Populations of Northern Pike (69 pp.) 
Introduction of exotic species into aquatic systems is common and 
potentially risky. Ten years ago northern pike (Esox lucius) were 
introduced into the Bitterroot River in western Montana. Because 
the vast majority of northern pike in the Bitterroot live in 
floodplain backwaters (sloughs), I examined the relationship 
between characteristics of the off-channel habitats and their 
fishes. In each of 41 backwaters examined, presence/absence data 
were obtained for 18 fish categories, and 23 variables were 
measured to characterize slough size, cover, water chemistry, and 
plant species presence or absence. Sloughs were clustered by fish 
species using detrended correspondence analysis. Discriminant 
function analysis was then applied to find habitat variables that 
could be used to distinguish the clusters. The habitat variables 
discriminated sloughs containing "large" fish, those holding "small" 
fish, and pike sloughs. Sloughs containing salmonids were not 
entirely separable from sloughs containing other large fishes. 
Important variables in discriminating between slough types are 
maximum depth, area of vegetation, range of dissolved oxygen 
between the surface and the bottom, average temperature, area of 
woody cover, and the presence of several plant species. The 
significance of this discrimination is that the four sloughs in which 
northern pike exist are of different character from those in which 
they are absent. In at least one slough containing pike, the fish were 
relatively fast growing and short lived compared to other pike 
populations. Recruitment was low with two weak or absent year 
classes. Northern pike numbers probably will not increase 
substantially because of poor recruitment and lack of habitat. At 
current levels, pike do not pose a serious threat to other species in 
the river system. 
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Introduction 
Efforts to improve fisheries through the introduction of exotic 
species is common but potentially risky. For years fish managers, 
collectors, and anglers have introduced game fish, bait fish, and 
invertebrates into waters. In western Montana, populations of 
rainbow trout (Oncorhynchus mykiss), Yellowstone cutthroat trout 
(O. clarki bouvieri), brown trout (Salmo trutta), brook trout 
(Salvelinus fontinalis) and lake trout (S. namaycush) have been 
introduced into waters already containing native populations of 
westslope cutthroat trout (O. clarki lewisi) and bull trout 
(Salvelinus confluentus). Increasing angler interest in species such 
as northern pike (Esox lucius), walleye (Stizostedion vitreum 
vitreum), and smallmouth bass (Micropterus dolomieui) is resulting 
in pressure on managing agencies to increase the range of these 
species, and in some areas these fishes have already been introduced 
by anglers. 
Nilsson (1986) and Moyle et al. (1986) summarize the potential 
hazards of introducing new species. Perhaps the most obvious 
hazard is the introduction of predators which can threaten native 
fishes. Nile perch (Lates niloticus) virtually wiped out native fishes 
in the Nyanza Gulf of Lake Victoria, East Africa (Hughes 1986). 
Wheeler and Maitland (1973) discuss several cases in which 
introduced pike eliminated brown trout populations. They suggested 
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planning methods of controlling a new species before allowing 
introductions. Pike have also been known to destroy populations of 
trout and of other species that are "sensitive to predation" in 
Ireland (Nilsson 1986). Predation is not always a negative effect, 
however. Predators are sometimes introduced to control stunted 
populations (Powell 1973). Sauger-walleye hybrids have been 
considered for the control of stunted yellow perch in western 
Montana. This idea was rejected, however, because the hybrid is not 
sterile (Don Peters, Department of Fish, Wildlife, and Parks, 
personal communication). 
Another risk associated with exotics is elimination by 
competition. Whitefish (Coregonus spp=) were introduced into lakes 
in northern Sweden containing arctic char and/or brown trout. As 
populations of whitefish increased, the char and trout were reduced 
or eliminated (Nilsson 1985). Another example of suspected 
competition is found in Utah, where fishery workers on the Green 
River remove any northern pike encountered because they believe 
that the pike may compete for food with the endangered Colorado 
squawfish (Ptychocheilus lucius) (Caryl Williams, Arizona State 
University, personal communication). 
Exotics may threaten established populations through 
hybridization. Rainbow trout and Yellowstone cutthroat have 
blended with the native westslope cutthroat trout to the extent that 
efforts are being made to return populations to purer strains of the 
native species (Allendorf and Leary 1988). And finally, diseases or 
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parasites could accidentally be carried with the new populations. In 
Wisconsin, a natural pike population was supplemented with 
introduced fish. The new pike carried a parasite, Myxobolus sp., 
which caused high mortality among both native and introduced pike 
(Snow 1974). 
On the other hand, scenarios do exist in which the introduction is 
not harmful to the existing system. One possibility is that the 
resources necessary for the new species do not exist and the 
introduction is not successful. The other possibility is that new 
species may be able to use resources that are currently 
underexploited, and so exist in the system with minimal negative 
impacts (Nilsson 1985). This is certainly the goal of most 
introductions, but probably can be realized in few environments. A 
good example of this would be the introduction of trout into alpine 
lakes that historically had no fish. Even in this case, however, one 
could argue that the introduction would affect the native 
invertebrates either by predation or competition with detritivores 
or predacious invertebrates . 
Introduced fish in the Bitterroot River include northern pike, 
rainbow trout, brown trout, pumpkinseed (Lepomis gibbosus), yellow 
perch (Perca flavescens), largemouth bass (Micropterus salmoides), 
and black bullhead (Ictalurus melas). All of these species occupy the 
floodplain, and with the exception of the salmonids, floodplain 
backwaters are their primary habitat. The trout and the native 
mountain whitefish (Prosopium williamsoni) are the most popular 
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game fishes in the Bitterroot river. Northern pike is the most 
recently introduced species and is a subject of controversy and 
concern. 
The pike is native to a circumpolar band extending approximately 
from 35° N to 75° N, with the exception of arctic fringes and 
islands, some interior drainages (Crossman and Casselman 1987), 
and southern British Columbia and the continental United States 
west of the Continental Divide. Angler introductions of pike into 
western Montana began in 1959 (Records, Montana Department of 
Fish, Wildlife and Parks). Since then, pike have been introduced into 
lakes and streams throughout western Montana, including the 
Bitterroot River. Some anglers feel that pike are an exciting game 
fish and should be managed as such. Other anglers are concerned 
that the pike may drastically reduce the numbers of other game fish, 
especially rainbow and brown trout, and mountain whitefish 
(informal discussions with anglers). Some opponents to pike in the 
Bitterroot believe that populations of salmonids have already been 
reduced by pike, and that pike should be eradicated. Several 
attempts have been made to remove pike from trout fisheries in 
other areas, but have met with limited success (Mann 1985, 
Bracken 1973, Larsen 1966, Hunt 1965). 
Pike habitat is generally considered to be shallow water near 
patches of vegetation (Vollestad et al. 1986, Chapman and Mackay 
1984a, Grimm 1981a, Diana et al. 1977). Larger pike occur more 
frequently in open water (Grimm 1981a) while smaller pike usually 
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stay in the vegetation to avoid predation, especially cannibalism 
(Chapman and Mackay 1984b, Grimm 1981b). Pike tend to stay near 
the bottom rather than swimming through open water (Vollestad et 
al. 1986) and are found more often over sand and rock than silt 
substrates (Chapman and Mackay 1984a). The pike is a coolwater 
fish that shows maximum growth at temperatures of about 20 C 
(Casselman 1978). It is capable of surviving oxygen concentrations 
as low as 2 ppm (Petit 1973, cited in Inskip 1982) but suffers 
strongly reduced growth rates below 3 or 4 ppm (Adelman and Smith 
1970). In rivers, pike tend to be found in backwaters and sloughs 
(DosSantos et al. 1988, Phillips and Bender 1984), although eddies 
along the main channel can also hold fish (DosSantos et al. 1988). 
For many fishes, use of the floodplain is seasonal (Kwak 1988). 
Some fishes migrate long distances in the main channel to reach 
areas of suitable backwaters for spawning. This type of behavior is 
illustrated by northern pike in the Flathead River (Joseph DosSantos, 
Salish-Kootenai Tribes, personal communication) and many species 
of tropical fishes (Welcomme 1985). Other fish migrate seasonally 
into backwaters without large longitudinal migrations. Nest 
building fishes, such as Lepomis spp., in the Kanawaha River, West 
Virginia, depend heavily on available sloughs for standing water in 
which to spawn (Scott and Neilson 1989). Still other fish are 
permanent residents of the floodplain and migrate seasonally within 
it to avoid adverse conditions (Welcomme 1979). 
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Food supply in backwater areas changes as floodwaters rise and 
fall. As the waters rise, dry areas are inundated with shallow water 
increasing production and food available to smaller fishes (Moses 
1987, Welcomme 1985). Food becomes so abundant that competition 
for food can be virtually eliminated. This abundance of food attracts 
large numbers of small fish which in turn attract large numbers of 
piscivorous fish onto the floodplain (Bayley 1988). 
By far the most heavily studied use of the floodplain is the 
backwater as nursery areas for both migratory and resident fishes 
(See reviews in Crance 1988 and Welcomme 1985). Juvenile Tilapia 
spp. grew faster in years of higher floods, probably because more 
food was available (Dudley 1974). North American species that use 
floodplain nurseries include grass pickerel (Esox americanus 
vermiculatus), green sunfish (Lepomis cyanellus), pirate perch 
(Aphredoderus sayanus), orangespotted sunfish (Lepomis humilis) 
(Kwak 1988), creek chub (Semotilus atromaculatus), white sucker 
(Catostomus commersoni) (Halyk and Balon 1983), and many species 
of minnow (Cyprinidae) (Sheaffer and Nickum 1986, Halyk and Balon 
1983, Starrett 1951) including northern squawfish (Ptychocheilus 
oregonensis) (Reid 1971). Several Colorado River fish also depend on 
the backwaters for nurseries (Holder and Stalnaker 1975). Some 
juvenile anadromous fish such as coho salmon (Oncorhyncus kisutch), 
steelhead (O. mykiss), and cutthroat trout use floodplain backwaters 
and seasonal tributaries prior to smolting (Hartman and Brown 
1987). 
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Little has actually been done on habitat or water chemistry of 
floodplains as they relate to fish distribution. Welcomme (1985) 
concluded that oxygen is the most important variable in determining 
the distribution of floodplain fishes because oxygen can be severely 
limited. Areas of heavy macrophyte growth and floating vegetative 
mats can be devoid of oxygen (Townsend and Peirson 1988). 
Decaying vegetable matter also can reduce oxygen levels (Bayley 
1988). Other variables found to be important in the distribution of 
fish include pool size, accessibility of the main channel (Halyk and 
Balon 1983), woody cover such as fallen limbs and roots, 
distribution of vegetation, and substrate (Welcomme 1985). 
The purposes of this thesis are to (1) assess the current 
distribution of northern pike throughout the backwaters of the 
Bitterroot River, and identify important habitat characteristics 
associated with pike; (2) summarize late-summer use of backwaters 
by other species; and (3) describe the population size, age structure, 
and growth rates for northern pike from one of the sloughs for 
comparison to other studies. 
Study Site 
This study was conducted in the sloughs of the Bitterroot River 
between Stevensville and Lolo, Montana. The Bitterroot River flows 
north through the Bitterroot Valley of western Montana and joins the 
Clark Fork River near Missoula (Figure 1). Discharge during the time 
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Figure 1. Map of the Bitterroot River from the Stevensville Bridge to Lolo showing 
approximate locations of sloughs examined. Slough size exaggerated. 
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of the study was approximately 10 m3/s (Shields et al. 1989). The 
lower reaches of the river flow through a wide alluvial valley and 
have a shifting cobble substrate which is conducive to the formation 
of a number of sloughs. The term slough is defined here to include 
several types of natural standing water, including oxbows, isolated 
meanders, and waters trapped behind natural levees (Welcomme 
1979, 1985), as well as man-made ditches and ponds which appear 
to have direct access to the river at times of high discharge. Some 
sloughs have been subdivided by natural deposits of substrate or 
beaver activity. Each subdivision is considered separately. In all, 
41 sloughs were examined. 
Methods 
Sloughs 
Sloughs were identified by floating downstream in a small pram 
and investigating any areas that either provided a flow of water into 
the main river, showed large openings in vegetation off the main 
channel which could indicate standing water, or consisted of a 
visible slough adjacent to the river channel. Fifty-seven sloughs u-t-
were located, but rising water levels in early October curtailed 
sampling due to changing conditions of the sloughs after 41 sloughs 
were sampled. Sloughs were sampled in small groups between 
access points. Order of sampling was incindental, reducing 
longitudinal bias. 
1 0  
From 25 August through 14 September, 1988, temperature and 
conductivity were measured (Hamilton and Bergersen 1984) using a 
Yellow Springs model 33 S-C-T meter. Measurements were taken at 
evenly spaced vertical intervals of at least 10 cm (3 to 10 intervals, 
depending on depth) to obtain average values. Dissolved oxygen (DO) 
was recorded at the same intervals with a Yellow Springs model 54 
dissolved oxygen meter. The meter was calibrated daily in the 
laboratory against Winkler titrations (Wetzel and Likens, 1979). 
Instead of using average DO, the maximum recorded value and the 
maximum difference (range of values) were recorded as an 
indication of vertical heterogeneity of the slough. Temperature, 
conductivity, and oxygen levels were taken early in the morning to 
minimize the effect of photosynthesis on the DO level. This was 
done to keep conditions between sloughs as similar as possible, and 
to record the lowest DO values for each slough. 
I further assessed the character of the sloughs by measuring 
physical variables (Piatt et al. 1987, Hamilton and Bergersen 1984), 
and the presence or absence of plant species from 15 September 
through 4 october, 1988. Measurements of slough size included 
length, average width from five transects evenly spaced along the 
length of the slough, average depth of these transects, and maximum 
depth. Block height was recorded as the height of obstructions 
separating the slough from the main river, measured as height above 
the river. If a direct connection to the river existed, the maximum 
depth at the opening was recorded as a negative block height. 
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Visibility was measured directly by recording the maximum distance 1 
I could view a Secchi disk underwater with a faceplate. Substrate 
was characterized by assigning the largest commonly occurring 
substrate size into one of six categories; <1 mm, 1-2 mm, 2-4 mm, 
4-8 mm, 8-16 mm, or >16mm. These categories were coded 1 
through 6, respectively, and the code number was used in the 
analysis. 
Cover was divided into woody cover (fallen trees, branches, root 
masses) and vegetative cover (aquatic vascular plants). The area of 
vegetative cover was estimated by measuring the length and width 
(or radius, depending on shape) of a patch of vegetation. A patch of 
vegetation is defined as those areas of the slough where vegetation 
obscured the substrate. Most of the vegetation was found in such 
patches. Area per patch was then calculated, and the sum of patch 
areas was deducted from the total area. In some cases, however, 
vegetative cover was so complete that the patches without 
vegetation were measured, and this area subtracted from the slough 
area. Woody cover was estimated in the same manner with one 
exception. If the cover was a fallen tree or large branch, coverage 
was considered to extend for 1 m on either side of the log. 
Percentage cover was then obtained by dividing the area of cover by 
the slough area. Plant species recorded as present or absent were 
Elodea spp., Potamogeton natans, P. pectinatus, Callitriche verna, 
Myosotis sp., Ranunculus sp., Sparganium sp., and J uncus 
articulatus. Plant species may be indicators of unmeasured water 
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chemistry (esp. nutrients), substrate, or age of slough (Welcomme, 
1985). 
Fish species were collected using a number of techniques 
including several gillnets (bar sizes from 1.2 to 5 cm), bag seines, 
dipnets, and visual surveys from shore or boat. The time spent 
sampling with each method depended on slough size. In very small 
sloughs, dipnets and visual surveys alone were used. In small to 
moderate sloughs, vegetative patches were seined in addition to the 
other methods. In the larger sloughs, gill nets were set out during 
the time it took to complete all other habitat, plant, and fish 
sampling. Fish were identified to species, and these species were 
subdivided into large and small categories, arbitrarily choosing 10 
cm as the dividing point, and treating the different size classes as 
separate taxa. The reason for this separation is that fingerlings of 
many species use different habitats and have different diets than 
juvenile or adult fishes (Brown 1971). Redside shiner 
(Richardsonius balteatus), longnose dace (Rhinicthys cataractae), 
and pumpkinseed were not divided in this manner because individuals 
rarely exceeded 10 cm. Presence or absence of taxa were recorded; I 
made no attempt to assess relative or absolute biomass or density. 
To simplify patterns in species composition between sloughs, 
sloughs were ordinated using detrended correspondence analysis 
(DCA) (PC-Ord, McCune 1987; Hill 1974). DCA produces simultaneous 
ordinations of sloughs and species. The slough ordination puts 
sloughs with similar faunas nearer each other than those with 
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dissimilar fish species. The species centroid ordination places a 
species closest to those other species with which it occurs most 
often. These graphs were used to find trends in species composition 
among sloughs. Similar analysis was used by Townsend and Pierson 
(1988) to examine fish communities in a ditch system in England and 
by Meffe and Sheldon (1988) to examine fish assemblages in coastal 
plain streams. Both of these studies used quantitative estimates of 
fish biomass rather than simple presence/absence data. 
To investigate the role of habitat in determining which sloughs 
contained which fish species, sloughs were grouped based on results 
of the DCA. These groups were then entered into a discriminant 
function analysis (Johnson and Wichern 1988, SPSS 1983). 
Discriminant function analysis takes data from previously defined 
groups and searches for linear combinations of variables that best 
distinguish the groups. In this case, it will search for habitat or 
environmental variables that can best distinguish slough types that 
were independently defined by fish species using DCA. 
Pike 
Pike biology was studied in detail only in slough 19 (Florence), 
although some data were obtained from slough 41 (Lolo) (Figure 1). 
This work was conducted primarily April through July of 1987 and 
1988. Pike were captured in gillnets (Phillips and Bender 1984), 
removed as quickly as possible and transferred to a live car or 
worked directly out of the nets. Pike were measured to the nearest 
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cm (fork length) and weighed to the nearest 0.1 kg. Sex was 
determined whenever possible by inspection of eggs or milt, or, 
alternatively, by assessing external characteristics (Casselman 
1974a). Several scales were removed from between the dorsal fin 
and lateral line for aging (Frost and Kipling 1959). Pike were 
marked with a numbered Floy® tag, recaptures noted, and retained in 
the live car until the gill nets were removed, at which time all fish 
were released. Cleithra were removed from handling mortalities 
and angler-caught fish as an alternative method for assessing age 
and growth (Casselman 1974b). 
Population estimates were made using the modified Schnabel 
estimate (Ricker 1975). Defining Ct as the total number of fish 
caught on day t, Mt as the number of marked fish at large at the 
beginning of day t, and R as the total recaptures over all days, an 
estimate of the population is given as 
N = £(CfMt) 
R+1 
Approximate 95 percent confidence intervals are obtained by 
treating R as a Poisson variable (Ricker 1975). Assumptions of this 
estimation technique include similar mortality rates between 
marked and unmarked fish, similar catchability between marked and 
unmarked fish, marks are permanent and recognizable, marked fish 
randomly mix with unmarked fish, and recruitment during the time 
of recapture is negligible. To satisfy these requirements, estimates 
were made separately for each site each year, and estimates were 
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made separately for fish over 55 cm fork length and those less than 
55 cm because of suspected differences in catchability (smaller 
fish were often observed swimming through the nets). 
Length-weight relationships were obtained for fish at the 
Florence site. The weight of an animal usually changes with length 
according to a power function 
W = aLb (2). 
If the animal does not change its proportional shape, b will be a 
constant close to 3 and weight will increase as length cubed. To 
find a and b, I took logarithms of both sides to obtain 
Log W = Log a + b Log L (3). 
The constants were determined using simple linear regression of Log 
L on Log W. With the pike, fish from both years were used in one 
calculation, but each fish was used only once. 
Growth curves were fitted using back-calculated lengths obtained 
from cleithra (Casselman 1974b). Back-calculated lengths are 
estimated from a fish of known age and length by examining annuli, 
which are marks left on the hard structures of fish when growth 
slows due to cooler water temperatures and associated reductions 
in feeding and metabolism. The ratio of the distance from the focus 
(center of growth) to the edge of the hard structure (in this case the 
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cleithrum) to the distance from the focus to the Nth annulus is 
assumed equal to the ratio of the final length of the fish to the 
length at age N. This assumption should be tested by plotting a 
regression of the radii of the cleithra against length of fish, and 
verifying that the line passes close to the origin. However, because 
of small sample size and limited fish size in the sample, this 
assumption was accepted without proof. 
Back-calculated lengths were used to fit the von Bertalanffy 
growth equation 
Lt = Loo (1 - e-k<Mo)) (4) 
using an iterative approach to a least squares fit (Allen 1966). In 
this equation, Lt is the length at the end of year t, Loo is the length 
of a fish if it lived forever, k is a constant determining the shape of 
the growth curve (how quickly L approaches Loo), and t0 is an offset 
so the curve is not forced to pass through the origin. An important 
assumption of this model is that growth is proportional to the 
difference between the fish's length and Loo. Different curves were 
constructed for each sex because female pike often grow faster than 
males (Phillips and Bender1984, Mann 1976, Ridenhour 1957). 
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Results 
Slough Habitats 
Slough size varied from 10 m long with an average width of 5.1 m 
to 800 m long with a width of 21 m. Average depth ranged from 0.11 
m to 1.86 m but was usually less than 0.7 m, while maximum depth 
was as high as 4.5 m but usually less than 2 m. Physical barriers 
between the river and sloughs were as high as 1.1 m. Visibility 
ranged from 1 m in turbid sloughs to over 11 m in a spring fed 
slough. Vegetative cover was absent in some sloughs and nearly 
complete (up to 98 percent) in others. Woody cover was less 
abundant, ranging from 0 to 19 percent, but usually less than 3 
percent. Average temperatures varied from 8.0 C to 19.1 C. Average 
conductivity in sloughs spread from 48 (imhos up to 213 ^mhos. 
Vertical heterogeneity as measured by the range of dissolved oxygen 
from top to bottom ranged from 0 to 8.2 mg/l. (See Table A1 in 
appendix for complete set of physical and chemical data). 
Of the eight plant species recorded, Elodea spp. was the most 
common, occurring in 25 of the sloughs. Ranunculus sp. and 
Callitriche vema were each found in 11 sloughs, and Potamogeton 
natans occurred in eight sloughs. The other four plants occurred in 
six or fewer sloughs. Twenty-three of the sloughs had only one or 
two dominant plants, while six sloughs contained none of the eight 
recorded plant species. Seven sloughs had three of the plants, four 
sloughs had four plant types, and one slough contained five of the 
plant species. (See Table A2 for distribution of plant types). 
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Fishes of the Floodplain 
Eighteen categories of fish were identified representing 14 
species. Small and large individuals of brown trout, northern 
squawfish, longnose sucker (Catostomus catostomus), and largescale 
sucker (C. machrocheilus) were recorded separately. Redside shiner, 
longnose dace, and pumpkinseed were represented only by individuals 
less than 10 cm. No small individuals of peamouth (Mylocheilus 
caurinus), mountain whitefish, rainbow trout, yellow perch, 
largemouth bass, black bullhead, and northern pike were encountered. 
Redside shiner, and small specimens of squawfish, longnose 
sucker, and largescale sucker were found in most sloughs, with 
combinations of at least three of these taxa found in 36 sloughs. 
Only two sloughs did not have any of these small fishes. 
Pumpkinseed was found in nine sloughs. Large individuals of 
squawfish and both suckers were found in nine sloughs, occurring 
together in six. Six sloughs contained large salmonids, and brown 
trout fry were found in two locations. Longnose dace were found in 
three sloughs that had shallow rocky areas with some current. 
Northern pike inhabited four sloughs; two of the largest sloughs 
with high species richness, and two adjacent sloughs that held only 
pike and pumpkinseed. Peamouth, perch, bass, and bullhead were 
each found in only one or two sloughs. (See appendix Table A3 for 
complete distribution of fishes). 
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Association of Fish Species: Detrended Correspondence Analysis 
The pattern that emerges from the ordination of fish taxa on the 
first two DCA axes is one of increasing fish size from upper left to 
lower right (Figure 2). Furthermore, most of the large fish taxa are 
found close together. This pattern reflects the distribution of taxa 
in the sloughs. Large taxa are usually not found in the absence of 
other large taxa. Exceptions to this rule were northern pike and 
rainbow trout. The pike was the only large fish in two of the four 
sloughs that it occupied. Rainbow trout was the only large fish in 
one of the two sloughs that it occupied, and was found with adult 
brown trout in the other. (See Appendix, Table A3). 
Ordination of the sloughs on the first two DCA axes (Figure 3) 
shows a similar pattern to the ordination of species. Sloughs 
containing only small taxa are found in the upper left portion of the 
graph. Sloughs that include most larger taxa in addition to the 
smaller species are found below and to the right of the "small fish" 
sloughs, and sloughs that contain pike are even further right. In 
fact, these two figures can be superimposed and are dependent on 
each other in that the coordinates of any slough are located at the 
centroid of the species found in that slough, and the coordinates of 
any taxon are the centroid of the sloughs containing that taxon. 
Of the nine "large fish" sloughs, six contain salmonids. Because 
these sloughs may be of interest to managers, they are assigned to a 
fourth group (Figure 4). 
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Figure 2. Ordination of taxa on first two detrended correspondence analysis axes. 
Lower case abbreviations represent taxa with individuals less than 10 cm 
long, and upper case represent taxa with individuals longer than 10 cm. 
Abbreviations are as follows; brt = brown trout, Ind = longnose dace, rss = 
redside shiner, Ins = longnose sucker, Iss = largescale sucker, sqf = northern 
squawfish, pks = pumpkinseed, rbt = rainbow trout, wtf = mountain whitefish, 
pch = yellow perch, bhd = black bullhead, pmt = peamouth, Imb = largemouth 
bass, and npk = northern pike. 
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Small Fish 
Figure 3. Ordination of sloughs (n=41) in DCA space showing division into three slough 
types. Small fish sloughs hold fish <10 cm long; large fish sloughs contain 
large taxa and small taxa, but no pike, and pike sloughs may support pike and 
other taxa. Numbers replace symbols when more than one slough had the same 
assemblage of fish taxa. 
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Figure 4. Ordination of sloughs in DCA space showing division into four slough types. 
Small fish sloughs, large fish sloughs, and pike sloughs are as in figure 3. 
Salmonid sloughs contain trout and/or whitefish in addition to any other taxa 
except pike. 
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Habitat Relationships: Discriminant Function Analysis 
Discriminant function analysis using habitat variables 
successfully distinguished the slough types defined earlier. "Small 
fish" sloughs, "large fish" sloughs, and "pike" sloughs were correctly 
classified in 100 percent of the cases (Figure 5). The variables used 
to discriminate between these three slough types were maximum 
depth of the slough, the presence of Potamogeton natans, range of 
dissolved oxygen, area of vegetation, presence of Ranunculus sp., 
Juncus articulatus, and Elodea spp., block height, average 
temperature, area of woody cover, and the presence of Myosotis sp. 
(Variable averages, Table 1; standardized discriminant function 
coefficients, Table 2). 
Sloughs containing salmonids were separated from large fish 
sloughs to create a fourth category (Figure 6). Unlike the previous 
case, discriminant function analysis was not able to distinguish all 
four clusters perfectly (Table 3). Twenty-six of the 28 small fish 
sloughs were correctly assigned while two were placed with the 
salmonid sloughs. One large fish slough was also placed with the 
salmonids, and one salmonid slough was entered into the large fish 
category. All pike sloughs were correctly classified. In total, 90 
percent of the sloughs were grouped correctly using discriminant 
function analysis with four slough types. The variables 
distinguishing these groups were area of vegetation, average depth, 
Potamogeton natans, range of dissolved oxygen, Juncus articulatus, 
0 "Small Fish' 
• "Large Fish' 
o "Pike" 
Discriminant Function 1 
Figure 5. Discrimination by habitat variables of three slough types previously 
grouped by fish species composition (See Figure 3). 
Table 1. Values of variables used in the discriminant function analysis with three slough 
types. For continuous variables, means are presented with standard deviations in 
parentheses. Frequency of occurrence is presented for plant species. 
"Small Fish" 
Slough Types 
"Large Fish" "Pike" 
Maximum Depth (m) 0.80 (0.30) 1.81 (0.42) 2.38 (1.50) 
Potamogeton natans 0.14 0.11 0.75 
Range of O2 (mg/l) 1.27 (1.90) 1.13 (1.54) 3.62 (3.42) 
Log 10(Vegetative Area (m2)) 1.89 (0.86) 3.17 (0.65) 3.56 (0.60) 
Ranunculus sp. 0.29 0.11 0.50 
Juncus articulatus 0.11 0.11 0.00 
Etodea spp. 0.61 0.66 0.50 
Block Height (m) 0.01 (0.58) -0.09 (0.80) 0.55 (0.31) 
Average Temperature (C) 13.2 (3.0) 13.6 (2.6) 14.6 (3.4) 
Log10 (Wood Area (m2)) 0.99 (0.49) 1.58 (0.40) 1.79 (0.90) 
Mvosotis SD. 0.14 0.11 0.00 
to 
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Table 2. Standardized canonical discriminant function coefficients 
for three slough types. 
Variables Function 1 Function2 
Maximum Depth (m) 0.970 0.022 
Potamogeton natans 0.797 0.960 
Range 02 (mg/l) -0.285 0.560 
Log (Vegetative Area (m2)) 0.460 -0.648 
Ranunculus sp. -0.027 0.862 
Juncus articulatus -0.626 -0.807 
Elodea spp. -0.460 0.178 
Block Height (m) 0.364 0.668 
Average Temperature (C) 0.262 0.479 
Log (Wood Area (m2)) -0.030 -0.515 
Myosotis sp. 0.035 0.478 
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Discriminant Function 1 
Figure 6. Discrimination by habitat variables of four slough types previously grouped 
by fish species composition (See Figure 4). 
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Table 3. Classification results from discriminant function analysis 
with four slough types. Percent of cases correctly 
discriminated: 90. 
Predicted Group Membership 
Actual Group "Small Fish" "Large Fish" "Salmonids" "Pike" 
"Small Fish" 26 (93%) 0 2 (7%) 0 
"Large Fish" 0 2 (67%) 1 (33%) 0 
"Salmonids" 0 1 (17%) 5 (83%) 0 
"Pike" Q Q 0 4 M00%1 
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Elodea spp, Ranunculus sp., block height, area of woody cover, and 
average temperature (Variable averages, Table 4; standardized 
discriminant function coefficints, Table 5). 
Pike of the Bitterroot River 
I estimated pike populations at Florence (Slough 19) and Lolo 
(Slough 41). The other two sloughs containing pike were not 
evaluated. The population size at Lolo in 1987 was estimated at six 
pike with an approximate 95 percent confidence interval ranging 
from two to 13 (Table 6). Since seven different pike were captured 
there, a better statement of the estimate at the beginning of the 
sampling period is 7, with a 95 percent confidence interval from 7 
to 13. No pike were captured or observed in this slough in 1988. 
At slough 19, fish over 55 cm were estimated at 13 in 1987 and 
12 in 1988, with respective 95 percent confidence intervals 
estimated at nine to 21 and nine to 17. Since 14 individuals were 
caught each year, these estimates are better expressed as 14 (14, 
21) and 14 (14,17). Estimates of the smaller size class taking into 
account the actual number of fish captured are 57 (22,143) and 33 
(33, 45) for 1987 and 1988, respectively (Table 4). Concerning the 
smaller size class, it is important that all of the small fish in 1987 
were age 1+, and the youngest fish of the older size class in the 
same year were 3+. Fish age 2+ were absent (Figure 7). 
Additionally, in 1988, the 1+ age class was not replaced (Figure 8), 
meaning that at that time, there were no 1+ or 3+ aged pike. 
4. Values of variables used in the discriminant function analysis with four slough 
types. For continuous variables, means are presented with standard deviations in 
parentheses. Frequency of occurrence is presented for plant species. 
Slough Types 
"Small Fish" "Larae Fish" "Salmonids" "Pike" 
Log io(Vegetative Area (m2)) 1.89 (0.86) 3.64 (0.14) 2.93 (0.68) 3.56 (0.60) 
Average Depth (m) 0.28 (0.12) 0.58 (0.04) 0.58 (0.19) 0.81 (0.71) 
Potamogeton natans 0.14 0.00 0.17 0.75 
Range of O2 (mg/l) 1.27 (1.90) 0.23 (0.11) 1.58 (1.75) 3.62 (3.42) 
Juncus articulatus 0.11 0.00 0.17 0.00 
Elodea spp. 0.61 0.67 0.67 0.50 
Ranunculus sp. 0.29 0.33 0.00 0.50 
Block Height (m) 0.01 (0.58) 0.22 (0.92) -0.24 (0.78) 0.55 (0.31) 
Logio(Wood Area(m2)) 0.99 (0.48) 1.69 (0.53) 1.53 (0.37) 1.79 (0.90) 
Average Temperature (C) 13.2 (3.0) 12.6 (4.1) 14.1 (1.8) 14.6 (3.4) 
Table 5. Standardized canonical discriminant function coefficients 
for four slough types. 
Variables Function 1 Function2 Function 3 
Log (Vegetative Area (m2)) 0.582 -0.587 0.167 
Average Depth (m) 0.926 -0.012 -0.100 
Potamogeton natans 0.651 0.918 -0.273 
Range O2 (mg/l) -0.489 0.660 -0.631 
Juncus articulatus -0.531 -0.601 -0.486 
Elodea spp. -0.586 -0.031 0.118 
Ranunculus sp. -0.104 0.730 0.509 
Block Height (m) 0.267 0.391 0.819 
Log (Wood Area (m2)) 0.280 -0.411 -0.088 
Average Temperature (C) 0.160 0.496 0.029 
Table 6. Modified Schnabel population estimates from two sloughs of the Bitterroot River. Due to handling mortalities, 
estimates for larger size classes were less than the number of individuals captured. Location numbers refer to 
Figure 1. 
Location Year Size Class Estimate 
Individuals 
95% C.I. 
Total 
Cauaht RecaDtures 
Lolo (41) 1987 >55cm 6 2, 13 7 3 
Florence (19) 1987 >55cm 13 9, 21 14 19 
<55cm 57 21, 143 22 2 
Florence (19) 1988 >55cm 12 9, 17 14 35 
<55cm 33 24, 45 33 43 
u> 
to 
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Missing 2+ 
Year Class 
29 35 41 47 53 59 65 71 77 83 
Size Class by Length (cm) 
Figure 7. Length-frequency diagram for northern pike from the Florence slough 
(Slough 19) in 1987. Lack of fish between 42 and 51 cm reflects poor 
recruitment into the 2+ age class. 
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Year Class 
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Size Class by Length (cm) 
Figure 8. Length-frequency diagram for northern pike from the Florence slough 
(Slough 19) in 1988. Absence of fish < 40 cm reflects poor recruitment into 
the 1 + age class. The poor 3+ age class (See Figure 7) is swamped out by the 
large 2+ age class overlapping with the 4+ age class. 
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Recruitment from reproductive efforts in 1985 or 1987 was 
negligible. 
The length-weight relationship derived for 52 pike from the 
Florence Slough (Slough 19) (Figure 9) is 
Log10 W (kg) = -5.14 + 3.08 Log10 L (FL, cm), r2 = 0.98. 
Least squares fits of data to the von Bertalanffy equation (Allen 
1966) resulted in a growth curve for males (Figure 10) 
Lt « 66.1 (1 - e"0-74*1"-05)) 
and for females (Figure 11) 
Lt - 75.1 (1 - e"0-64^"-11)). 
One female pike was captured and aged from the river. This fish was 
100 cm at age 8. Comparison of its growth to fish from the slough 
showed that the growth rate for this fish was about the same for 
the first three years and then increased dramatically. 
Discussion 
Habitat Analyses 
The primary variable for distinguishing "pike", "large fish", and 
"small fish" sloughs was maximum depth, which was positively 
related to fish size, pike sloughs having the deepest average. This is 
reasonable because larger fish require deeper water to keep 
themselves covered and concealed. Maximum depth alone separated 
26 of the 28 "small fish" sloughs from the other two groups. Depth 
was correlated with slough length and width. Area and depth were 
found to be among the most important variables in distinguishing 
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Figure 9. Length vs. weight of 52 northern pike captured from Slough 19 in 1987 and 
1988. 
3 7  
• Backcalculated 
4- Von Bertalanffy 
Age (years) 
Figure 10. Von Bertalanffy fit to back-calculated length-at-age data for four male 
northern pike from Slough 19. 
ei Backcalculated 
+ Von Bertalanffy 
Age (years) 
Figure 11. Von Bertalanffy fit to back-calculated length-at-age data for four female 
northern pike from Slough 19. 
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lake types in similar studies in Wisconsin (Tonn et al. 1983) and 
Ontario (Johnson et al. 1977). 
The next variable was the presence of Potamogeton natans. P. 
natans occurred in three of the four sloughs containing pike, but only 
in 11 percent of "large fish" sloughs and 14 percent of "small fish" 
sloughs. This is interesting because within a slough containing P. 
natans, pike were often encountered in and around patches of this 
plant (personal observation). One possible interpretation is that the 
structure of P. natans, one or two large floating leaves on a long 
stalk, provides shade and cover without severely limiting visibility 
for feeding. 
Range of dissolved oxygen was the next variable to be pulled out in 
the analysis, but this may not be a biologically meaningful variable. 
Even though pike sloughs contained the largest range of O2, other 
fishes were not excluded by that. In fact, the slough with the 
greatest range also had the most taxa, including all small fishes 
except brown trout fry and longnose dace. It is not likely that the 
pike are found in sloughs because levels of low oxygen exist. In this 
case, I believe that range of O2 is more a function of depth (Tonn et 
al. 1983) and vegetation (Welcomme 1979), which do have good 
biological interpretation, and that the range of oxygen alone is not a 
good predictor of fish assemblage. 
Vegetative area was the fourth variable picked by the 
discriminant function analysis. Plants are important for several 
reasons. Pike were found in sloughs with the highest areas of plant 
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cover. Northern pike are well known to associate with aquatic 
macrophytes (Chapman and Mackay 1984a, Grimm 1981a), especially 
smaller pike which may rely on vegetative cover to avoid 
cannibalism (Chapman and Mackay 1984b, Grimm 1981b). Vegetative 
area is least in the "small fish" sloughs. These sloughs were often 
shallow rocky areas with few or no vascular plants. 
The previous four variables distinguished 38 of the 41 sloughs. 
The remaining seven variables are relatively unimportant, and are 
likely a result of chance rather than good predictors of fish 
assemblage. Of the seven remaining variables used, four concern the 
presence of plant species including Ranunculus sp., Juncus 
articulatus, Elodea spp., and Myosotis sp. Except for Ranunculus, 
the other three plant species do not exhibit marked differences 
between the slough types. Presence of these plants may relate to 
unmeasured habitat variables such as shoreline structure (Juncus is 
a shallow water emergent), water chemistry, slough age, seasonal 
fluctuation of water level, or frequency of catastrophic disturbance 
(Welcomme 1985). In the Flathead River of western Montana, 
northern pike are found in large backwater habitats which include 
Elodea nuttalia and Ranunculus aquatilis among the dominant plant 
species (DosSantos et al. 1988). 
Block height is negligible for small and large fish sloughs, but 
averaged 55 cm for the pike sloughs. This may be important for 
reducing emigration by pike, but more likely is partially responsible 
for increasing the depth of the sloughs. Every slough containing pike 
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was behind at least one beaver dam. Average temperature was 
highest in pike sloughs and lowest in small fish sloughs. This is 
probably a result of large mats of vegetation, which increase 
temperature and degree of stratification (Welcomme 1985). Wood 
area provides more cover, but is generally so scarce that it is 
probably a correlate of slough size rather than a predictor of fish 
assemblage. 
Ten variables separated the sloughs when four slough types, 
including salmonid sloughs, were considered. Most of the variables 
are the same as in the case of three slough types. The most 
important differences are that average depth is used instead of 
maximum depth, and area of vegetative cover is now the most 
important variable. Interpretation remains the same as for three 
slough types, except now vegetative cover may be useful in 
distinguishing salmonid sloughs from other large fish sloughs. 
Vegetative area is lower in sloughs containing salmonids. 
Salmonids may prefer these sloughs as a response to feeding 
behavior in standing water, which involves cruising around looking 
for food. Since these fish often feed on swimming or floating 
insects, they may be selecting sloughs in which visibility is not 
seriously impaired by dense mats of vegetation. As in the case with 
three slough types, the first four variables are much more important 
than the remaining six (37 sloughs were correctly assigned using all 
10 variables; the first four variables accounted for 33). 
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Finally, it should be noted that sample size for the different 
slough classifications is rather small, with only six salmonid 
sloughs, three large fish sloughs, and four pike sloughs. Although a 
trend is apparent that separates salmonid sloughs from other slough 
types, this result should be interpreted cautiously for two reasons. 
First, only six sloughs contained salmonids, so the question of 
whether these sloughs are representative arises. Second, and more 
important from a management point of view, salmonids were not 
common in any of the sloughs in which they appeared. So, even 
though floodplain habitats can be important to salmonids under 
certain conditions (Hartman and Brown 1987), late summer use of 
backwaters in the Bitterroot River by salmonids is probably not 
important. 
Colonization of Pike. 
Because managers rightfully worry about the impact of introduced 
predators, the distribution of pike in the future is an important 
issue. Pike have been shown to influence other species in several 
studies (Mann 1985, Powell 1973, Wheeler and Maitland 1973). In 
my study, pike apparently have eliminated all other fish except 
pumpkinseeds from two of the four sloughs in which they exist. 
Pumpkinseeds are a deep bodied, spiny centrarchid similar to 
species of fish such as bluegill, which were avoided by pike in 
artificial ponds when other prey species were available (Mauck and 
Coble 1971). In a wild pike study, however, bluegill were found to 
4 3  
be one of the most common food items (Johnson 1969). This was 
likely a result of extremely abundant bluegill populations rather 
than a selection for them (Johnson 1969, Crossman 1962). 
Because of the potential for disruption, it is important to know if 
pike populations are likely to expand throughout the system of 
backwaters and/or the main river channel. The discriminant 
function analysis performed with small fish, large fish, and pike 
sloughs can be used to assess suitability of sloughs for pike. If 
habitat variables, as measured for each of the three groups, are 
representative of the different groups, sloughs that do not contain 
pike but are capable of supporting pike should ordinate close to 
those sloughs that do contain pike. Examination of Figure 5 shows 
that small fish sloughs and large fish sioughs are more or less one 
cloud of points, which are separated mostly by depth. Pike sloughs, 
however, are disjunct from these other groups. No sloughs without 
pike are ordinated anywhere near pike sloughs, hence habitat in 
sloughs lacking pike is notably different from habitat in sloughs 
containing pike. Therefore, sloughs without pike may not be suitable 
for them, and colonization of new sloughs may occur slowly or not at 
all. If this is the case, northern pike will not increase in numbers 
enough to threaten other species in the Bitterroot River system. 
There are other interpretations as to how pike came to be in their 
sloughs. The assumptions previously made involve pike being able to 
freely explore the river and chose suitable sloughs. However, one of 
the sloughs containing pike is near a known introduction site (Don 
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Peters, Montana Department of Fish, Wildlife, and Parks, Pers. 
Comm.) and the other three sloughs are within 2 km of known 
introduction sites. Treating sloughs as insular bodies (MacArthur 
and Wilson 1967), one would expect that pike would colonize sloughs 
that are close to places where they already exist. Bracken (1973) 
found that pike in rivers did not move much within the system., but 
pike in the Flathead River are reported to be quite mobile, with 
tagged fish regularly being reported up to 18 km from the site of 
initial capture (DosSantos et al. 1988). Two tagged pike from 
Bitterroot sloughs were caught in the river, one approximately 18 
km from its origin, and one close to 80 km away. As indicated by the 
large number of recaptures between years, however, the number of 
pike entering the river is small, and it is less likely that at least 
two pike will find the same slough if it is far away from their 
origin. So, whether young fish are trying to colonize new areas and 
finding that other sloughs are unacceptable, or few fish are 
dispersing to new areas, the rate of colonization will be low. 
A second alternative interpretation is that pike did indeed choose 
the sloughs they occupy because these were the best habitats, but if 
the numbers increased they might also be able to invade other 
sloughs that represent secondary habitats (Fretwell 1972). I cannot 
dispute this possibility. Pike should be monitored occasionally to 
see if their range is expanding. 
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Biology of Pike 
The population of pike at the Lolo slough is small (7 to 13 in 1987, 
no fish captured in 1988), especially when the size of the slough is 
considered. Additionally, no small pike were captured or seen there. 
For these reasons, I believe that there is no reproduction in this 
water, and pike are instead being introduced from a lake which is 
connected to this slough by a small ditch. This lake is controlled by 
a home-owners' association and I was unable to obtain permission to 
sample the private waters. 
At the Florence slough, population estimates were obtained both 
years. The estimated number of fish over 55 cm. (age 3+ and better) 
did not change between the two years. In fact, of the 14 individuals 
in this size class captured in 1988, 13 had been marked the previous 
year. This shows that mortality of large fish was low. Of the 
smaller fish, the population estimate for 1987 is risky to interpret 
because only two marked fish were recaptured. Ricker (1975) 
suggests that at least four recaptures are necessary to reduce the 
likelihood of seriously biasing the estimate. In 1988, however, 
plenty of fish were recaptured, producing a statistically unbiased 
estimate of 33 fish. 
The missing age classes are the result of failures to initiate 
spawning, low hatching success, or high mortality of young fish. I 
observed pike spawning during 1987, so reproduction was attempted, 
at least in that year. I did not determine hatching success, but 
Franklin and Smith (1963) found that hatch rate for pike was 
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generally high, ranging from 64 to 90 percent. Cannibalism is 
common among pike and believed to be one of the more important 
factors affecting year class strength, especially during summers of 
low juvenile pike growth (Kipling 1984, Mann 1982, Kipling and 
Frost 1970). However, the degree of cannibalism depends on 
availability of other food sources (Franklin and Smith 1963). Since 
other species are plentiful in the Florence slough, reduction of these 
year classes must remain a mystery. 
The growth curves of pike from the Florence slough were 
presented as fits to the von Bertalanffy growth equation in the 
results section. Growth rates of pike have been measured using a 
number of methods in other studies (Table 7). Northern pike from 
slough 19 were larger than pike from the Flathead River sytem for 
the first four years. At age V and older, Flathead River fish were 
larger than pike from the Bitterroot River. 
In most other studies from North America, sexes were combined, 
resulting in average growth for the entire population. Bearing in 
mind that females are probably slightly larger than the average, and 
males slightly smaller, Bitterroot pike grew slower than pike from 
the Connecticut River and Nebraska, and as fast or faster than pike 
from other parts of North America. Bitterroot pike also grew as 
fast or faster than all populations reported from Europe, although 
North American pike tend to be shorter lived and thus do not become 
as large ultimately. Mann (1976) suggested that fast growth of pike 
from the River Frome was probably related to abundant food and 
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Table 7. Size-at-age for northern pike from North America and 
Europe. The first group of locations are from western 
Montana, the second group from other parts of North 
America, and the third group from Great Britain and Europe. 
All lengths have been converted to fork length (cm). 
* from Phillips and Bender (1984) 
** from Mann (1976) 
Silfi Source Sex 
Florence This Thesis male 
(Slough 19) female 
Flathead River DosSantos et al. (1988) male 
female 
L. Bitterroot R. DosSantos et al. (1988) both 
Conn. R. Phillips & Bender (1984) both 
Nebraska Buss (1961)* both 
Mass. Lindenberg (1976)* both 
Rhode Island Phillips (1971)* both 
Iowa Gengerke (1977)* both 
Indian Lake, Bodaly & Lesack (1984) both 
Manitoba 
River Frome Mann (1976) male 
England female 
River Stour Mann (1976) male 
England female 
Windermere Frost & Kipling (1959) male 
England female 
Lough Glore Healey (1956)** both 
Vistula River Backiel (1971) both 
L. Tyrifjorden Vollestad et al. (1986) both 
L. Bjorkelanger Vollestad et al. (1986) both 
Camlin River Bracken (1973) male 
Ireland female 
Little Brosna Bracken (1973) male 
Ireland female 
Length at time of annulus formation. 
J U 111 IV V VI VII rn IX x XI XII XIII XIV 
33 50 59 63 64 
33 53 63 69 72 
22 35 39 59 65 72 
22 35 53 63 79 
1 9 33 39 48 61 74 
38 57 67 75 81 89 
35 48 62 71 
28 43 57 67 
37 54 65 66 
35 49 58 64 
- - 33 39 44 50 55 
21 38 51 64 73 
22 37 52 64 73 84 89 95 97 100 103 106 
25 40 52 58 63 67 70 72 76 77 
25 42 54 62 70 76 79 88 94 
23 40 52 59 63 65 66 68 68 70 72 71 73 74 
23 40 55 64 70 76 80 84 88 90 93 96 102 103 
21 39 52 63 75 84 93 108 112 
21 31 41 50 60 70 79 89 99 
23 30 42 57 62 77 
21 28 37 42 47 54 60 64 67 72 73 74 76 
1 6 31 42 
16 31 43 
20 38 49 
20 40 50 
-P  ̂
oo 
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moderate climatic conditions, both of which likely apply to the 
Bitterroot River. 
The faster growth and larger size of the single female captured 
from the river proper may be a result having larger food items in the 
diet (Hart and Connellan 1984). Medium to large suckers were 
present in the backwater from which the pike was caught, and could 
have been the main forage, while stomachs from fish in the Florence 
slough produced only small suckers and shiners. 
Finally, northern pike in the Bitterroot system are hosts for a 
tapeworm. Dr. William Granath, University of Montana, could not 
positively identify two tapeworms found in the intestines of a 
single pike, but believed them to be Postodiplostomulum minimum, a 
common parasite of freshwater piscivorous fish. An investigation 
into the positive identification of this tapeworm should be 
considered because another tapeworm, Triaenopherus crassus, 
encysts in an intermediate stage in the flesh of salmonids, 
destroying their value as commercial or food fishes (Carl et al. 
1959). The final host of this parasite is northern pike. As pike 
populations spread downstream, the chances increase for pike to 
come in contact with anadromous salmon and trout, where 
introduction of T. crassus could be quite serious. 
The Future of Pike in the Bitterroot River 
Whenever a new species becomes established in a body of water, 
three general management alternatives are available. Managers may 
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try to enhance the population, attempt to reduce or eradicate the 
population, or do nothing. Because the northern pike is a large, 
piscivorous game fish, there are advantages and disadvantages to 
each of these approaches. In addition to the arguments presented, 
below, time and money available to the Department of Fish, Wildlife 
and Parks must be considered. 
Enhancing the population to establish a strong pike fishery is an 
exciting idea at first. The lower reaches of the river do not contain 
large numbers of trout (Don Peters, MDFWP, personal 
communication), although there are a few areas with good fishing 
available (personal observation). Northern pike could help provide a 
recreational opportunity in an area that could be considered 
underexploited. However, there are some important negative 
considerations. First, trout are not the only other fish in the river. 
A fishery also exists for the native mountain whitefish, which are 
plentiful throughout the river system. More pike in the river could 
reduce the numbers of whitefish. Second, most anglers informally 
surveyed feel that the pike have already harmed the Bitterroot 
fishery. Artificially increasing the number of pike may be 
politically unpopular. Finally, attempts to increase the population 
may be biologically constrained. The number of suitable sloughs and 
backwaters seems to be very limited. If more pike are added to the 
system and habitat is not available, they would probably go 
downstream to the Clark Fork in search of larger sloughs and 
backwaters. The ability of pike to travel long distances in rivers 
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has been documented in both the Bitterroot River (this thesis) and 
the Flathead River (DosSantos et al., 1988). 
The second available action is to attempt eradication. Attempts 
to remove pike with electrofishing in British trout streams have not 
been entirely successful, although numbers and maximum pike size 
have been reduced (Bracken 1973, Mann 1985). However, gillnetting 
in the Florence slough was extremely efficient for fish over 40 cm 
(See appendix Tables A4 - A7). Virtually all fish over 55 cm were 
caught in 5 days of netting, and a large percentage of age 2+ fish (40 
to 55 cm) were also captured (compare population estimates to 
individuals caught in Table 4). I believe that if pike only existed in 
the sloughs I examined, eradication is a possibility. But pike also 
live in some private ponds near Lolo. These ponds may be harder to 
clear of pike because of their size and because of the home-owners 
who seem to enjoy pike in their backyards (informal discussions 
with home-owners). These ponds drain into the Lolo Slough (Slough 
41) and provide pike access to the river. Another consideration is 
that even if pike could be removed, illegal reintroduction is not too 
challenging for pike enthusiasts, and the effort to eliminate pike 
could be reversed rather easily. 
The final option is to leave things as they are and see what 
happens. If the habitat is limiting, and recruitment continues to be 
poor, the pike population will probably not increase to a point where 
they are a threat to other species. At the same time, a limited 
fishery for pike exists for anglers willing to look for them. I have 
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seen anglers at both Florence and Lolo sloughs, and have heard 
rumors that the largest fish from Slough 19 (6.2 kg) is at a 
taxidermy shop. This is probably the most practical action in the 
face of political and budgetary constraints. On the other hand, if 
pike should expand, it could become much more difficult to control 
the population later. 
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Table A1. Values of habitat variables from 41 sloughs of the Bitterroot River. 
Slough Length (m) Av Width (m) Av Depth (m) Max Pep (m) BIck Hght (m) Visib (m) Subst 
1 65 5.4 0.15 0.40 -0.02 8.9 5 
2 50 3.6 0.11 0.36 -0.11 3.6 4 
3 130 10.0 0.15 0.70 -0.05 3.0 5 
4 18 4.5 0.31 0.80 1.10 1.4 4 
5 320 20.0 0.47 1.10 0.50 2.1 5 
6 150 16.0 0.83 2.50 -0.80 3.3 1 
7 42 7.3 0.17 0.50 -0.30 2.7 1 
8 78 7.7 0.31 1.10 1.10 3.1 3 
9 215 5.7 0.14 1.10 -0.90 6.6 5 
1 0 170 27.0 0.61 2.30 -0.80 3.3 4 
1 1 50 4.9 0.19 0.60 -0.45 3.2 1 
12 163 19.0 0.55 1.60 0.30 4.5 1 
13 120 7.1 0.35 1.10 0-40 2.7 4 
14 54 6.8 0.56 1.10 0.80 1.6 5 
15 210 11.0 0.30 1.70 -1.30 6.9 3 
16 95 7.2 0.24 1.10 -0.80 4.6 4 
17 39 5.1 0.27 0.55 -0.40 5.5 1 
1 8 200 14.5 0.30 0 70 -0.50 6.0 5 
1 9 720 23.0 0.42 2.30 0.30 4.2 3 
20 270 14.0 0.52 1.50 0.95 1.0 3 
21 330 12.0 0.45 1.30 -0.60 1.3 6 
22 120 5.2 0.22 0.71 0.2 3.7 3 
23 1 0 5.1 0.44 0.80 1.00 1.5 2 
24 182 12.0 0.22 0.70 -0.29 7.3 4 
25 160 11.0 0.43 1.20 0.30 4.2 4 
26 50 5.7 0.40 1.10 0.3 1.6 4 
27 50 13.0 0.33 1.10 0.50 2.5 1 
28 377 20 0.63 1.60 1.00 1.4 2 
29 40 10.0 0.22 0.41 -007 2.6 1 
30 225 15.0 0.25 0.80 -0.90 4.5 4 
31 15 4.7 0.23 0.40 -0.40 2.9 4 
32 165 17.0 0.36 1.00 0.10 2.9 2 
33 380 22.0 0.53 1.20 0.45 3.5 5 
34 800 21.0 0.64 1.80 0.75 3.4 5 
35 120 19.0 0 17 0.70 -0.32 3.9 3 
36 145 13.0 0.35 1.00 -0.60 11.1 1 
37 995 12.0 0.25 0.60 -0-10 6.9 4 
38 250 35.0 0.60 2.00 1.00 3.0 2 
39 50 4.0 0.16 0.40 -0.30 4.3 6 
40 185 21.0 0.69 1.90 0.20 1.4 4 
41 270 30.0 1.86 4.50 0.40 4.2 3 
Table A1. (continued). 
Slough Veg (m2) Slough %Veg Wood (m2) %Wood Av Temp (C) Cond (p.mho) 
1 6 1 1.7 4 1.1 13.2 189 
2 45 2 25 30 17.0 13.2 190 
3 5 3 0.4 15 1.2 12.1 208 
4 1 4 1.3 2 2.5 11.8 80 
5 5100 5 80 14 0.2 12.7 178 
6 2050 6 85 50 2.1 15.6 165 
7 23 7 7.4 6 1.9 15.4 192 
8 40 8 6.7 8 1.3 12.0 113 
9 120 9 9.8 17 1.4 14.0 177 
1 0 3840 1 0 84 1 5 0.3 12.3 91 
1 1 120 1 1 49 7 2.9 15-9 153 
12 450 12 1 5 15 0.5 12.8 101 
13 817 13 96 6 0.7 17.1 101 
14 100 14 27 1 0.3 19.1 102 
15 70 1 5 3 24 1.0 16.1 162 
16 10 16 1.5 35 5.1 19.5 135 
17 80 17 40 15 7.5 17.5 92 
18 300 1 8 2.1 0 0.0 16.9 125 
1 9 12000 1 9 72 600 3.6 10.0 50 
20 1700 20 45 54 1.4 14.9 48 
21 530 21 13 1 5 0.4 13.4 135 
22 40 22 0.6 8 1.3 11.2 132 
23 50 23 98 0 0.0 11.6 68 
24 70 24 3.2 7 0.3 10.2 57 
25 170 25 9.7 7 0.4 13.3 62 
26 0.0 26 0 31 10.7 12.8 62 
27 200 27 77 3 0.5 15.1 77 
28 7000 28 94 60 0.8 14.9 63 
29 380 29 95 1 0.3 9.6 285 
30 100 30 3 17 0.5 1 4 0  198 
31 60 31 86 13 19.0 12.5 133 
32 820 32 29 18 0.6 12.7 144 
33 6400 33 77 180 2.2 16.8 213 
34 7000 34 42 150 0.9 15.1 210 
35 150 35 6.6 10 0.4 9.8 95 
36 310 36 1 6 40 2.1 8.0 80 
37 180 37 16 65 5.7 11.1 96 
38 3500 38 40 40 0.5 8.6 204 
39 170 39 85 2 10 8.1 172 
40 1600 40 41 30 0.8 11.6 105 
41 4000 41 49 100 1.2 18.5 197 
Table A1. (continued). 
Slough Max DO (mg/l) Range DO (mg/l) 
1 5.4 0.0 
2 5.1 0.0 
3 1.5 0.2 
4 5.8 0.0 
5 9.0 4.8 
6 7.5 0.7 
7 3.6 0.3 
8 6.6 2.8 
9 4.0 0.3 
10 3.1 0.3 
11 7.1 0.9 
1 2 4.5 0-6 
13 4.6 0.3 
14 8.8 0.0 
15 9.2 0-7 
16 6.7 0.1 
17 9.6 0.0 
18 7.6 0.3 
19 1.8 0.5 
20 5.7 3.7 
21 6.6 1 0 
22 6.4 0.2 
23 2.8 10 
24 3.3 1.1 
25 7.6 3.8 
26 6.7 6.1 
27 5.2 1.6 
28 4.8 4.2 
29 8.3 0.1 
30 6.3 0.0 
31 6.8 2.5 
32 7.2 6.0 
33 9.2 0.3 
34 8.9 5.1 
35 4.5 0.0 
36 3.2 0.0 
37 3.7 0.3 
38 5.5 0.1 
39 8.8 0-1 
40 9.6 1.4 
41 14.7 8.2 
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Table A2. Plant species found in 41 sloughs of the Bitterroot River. X signifies present 
Slough Elodea P. natans P. pectinatus Myosotis Ranunculus Sparganeum C. vema J. articulatus 
1 X 
2 X 
3 X 
4 
5 X 
6 X X 
7 X X X 
8 X 
9 X X 
10 X X 
11 X X X 
12 X X X X 
13 X X X X 
14 X X 
15 X X 
16 X 
17 X X X X 
18 X 
19 X X X 
20 X X X 
21 X 
22 
23 X 
24 
25 X X X X 
25 
27 X X 
2B X X X 
29 X 
30 X X 
31 X X 
32 X 
33 X X 
34 X 
36 X X 
36 X XX X X 
37 X X X 
38 
SB X X X 
40 
41 X 
5 8  
Table A3. Fish species found in 41 sloughs of the Bitterroot River. Abbreviations as in 
Figure 2. X signifies present. 
Slough rss sqf Iss Ins SCF LSS LNS Ind PMT WTF RBT brt BRT pks PCH LMB BHD NPK 
1 X X X X X 
2 X X X X 
3 X X X X X 
4 X X 
5 X X X X 
6 X X X X X X X X 
7 X X X X 
8 X X X X 
9 X X X X 
10 X X X X X 
11 X X X 
12 X X X X X 
13 X X 
14 X X X 
15 X X X X X X X 
16 X X X X 
17 X X X X 
18 X X X 
19 X X X X X X X X X X X 
20 X X 
21 X X X X X X 
22 X X X X X 
23 X X X X 
24 X X X 
25 X X X 
26 X X X 
27 X X 
28 X X 
29 X X X X 
30 X X X 
31 X X X X 
32 X X X X X 
33 X X X X X X X 
34 X X X X X X X X X X 
35 X X X X 
36 X X X X 
37 X X X X 
38 X X X X X X X 
39 X X X X 
40 X X X X X X 
4 1  X  X  X  X  X X X  X  X X X X X 
Table A4. Capture records for pike > 55 cm from Florence Slough (#19), 1987. Entries include fork 
length in cm / weight in kg / sex. When length, weight or sex data are not included, no 
measurement was recorded. Asterisks indicate mortalities. 
Mark  5 -2  5-5  5-13  5-30  6-27  10-4  
2958/2964 61 /2 .2 /m / / 62/ / 64/2 .6 /  
2959 62 /2 .3 /m 63/ / 62/ / 
2960 57 /1 .6 /m 56/1 .8 /  60 /2  .6 /  
2961 69 /3 .4 / f  / / 72/4 .1 /  
2962/2963 63 /2 .2 /m / / 64/ / 
2965 52 /1  .3 /m 55/1 .6 /  
2967 58 /2  .0 /m 61/2  .2 /  
2968 65 /3  .0 /m 66/ / 
2969 63 /2  .8 /m 64/ / 
2975/2987 83 /5 .  6 /m 84/6 .3 /m 84/6  .6 /  
2976 *68 /3  .4 / f *  
2977 70 /4  .0 / f  71 /3 .8 / f  
2983 73 /3 .8 /m 
2985 61 /2 .3 /  67 /2 ,  .9 /  
VO 
Table A5. Capture records for pike > 55 cm from Florence Slough (#19), 1988. 
See Table A4 for explanation of entries. 
Mark 3-19 4-15 4-18 4-22 4-25 5-2 5-12 5-16 
2958/2964 64/ / 65 /2 .  6 /m / / 65 /2 .8 /m / / 
2959 64/ / 65 /3 .0 /  65 /2 .  8 /m / / / / m 
2960 60 /2 .0 /m 1 2 . 0 1  
2961 73/ / 73 /5 .4 / f  /  /  f  / / / / 
2962/2963 67/ / 67 /3 .  2 /m / / /  /  m / / m 
2965 65 /3 .0 / f  66 /3 .0 / f  / / f  
2967 *62 /2 .3 /m * 
2968 69/ / 70 /4 .0 /  / / */ / m*  
2969 / / 
2975/2987 84/ / 83 /6 .2 /m 
2977 74/3 .9 / f  /  /  f  / / / / 
2985 67/ / 67 /3  .1 / f  / / /  /  f  1 2 . 7 1  
4426 67 /3 .  2 /m 67/ / / / / 2.8/ 
6065 57 /1 ,5 /m / / / / m 
ON 
o 
Table A6. Capture records for pike < 55 cm from Florence Slough (#19), 1987. 
See Table A4 for explanation of entries. 
Mark 4-27  5^2  5^5  5 -13  5-30  6-27  10-4  
R. Pelvic Fin 30/ / 
2951 34 /  /  
Mor ta l i t y  *32 /0 .3 /m*  
2966 29 /0 .2 /m 
2970 32 /0 .4 /m 33/  /  
2971 31/0.3/m 
2972 35 /0 .5  
2973 31/0.4/m 
2974 34 /0 .3 /m 
2978 34 /0 .4 / f  
2979 *34 /0 .3 / f *  
2980 32 /0 .3 /  
2981 *35 /0 .4 /m*  
2982 *35 /0 .4 /m*  
2984 35 /0 .4 /  
2986 42 /0 .7 /  (53 /1 .4 / )  
Mor ta l i t y  *35 /0 .4 /  *  
2988 51 /1 .3 /  
2989 43 /0 .7 /  
2990 54 /1 .7 /  
2991 *47 /1 .1 / *  
2994 50 /1 .2 /  
Table A7. Capture record for pike < 55 cm from Florence Slough, 1988. See Table A4 for explanation of entries. 
Mark 3-19 4-15 4-18 4-22 4-25 5-2 5-12 5-16 
2973 49/1.2/m / / / / m / / 
2978 52/1.4/  / / 52/  / f  / / f / / 
2980 48/1.1/m I I  m / / m 
2984 52/1.4/f  / / 
2986 48/ / 54/ / f  / / f / / 
2988 53/ / 52/1.4/m / / m / / 
2994 51/1.4/  / / f / / 
2995 48/ / 48/1.1/m 48/1.1/m / / m 
2996 54/ / 
R Pelvic Fin 44/ / 
R Pelvic Fin 45/ / 
R Pelvic Fin 51/ / 
6066 52/ / 52/1.4/f  
Mortal i ty 
6061 
*50/ 
44/ 
/ f*  
/ 44/1.0/  / / 
2999 48/1 . 0 1  47/1.0/m / / m / / 
3000 44/0.9/  
6057 50/1.2/  / / m / / 
6058 50/1.2/  50/1.1/m / / 
4425 47/1.0/m / / m / / m 
4427 45/0.8/m / / m 
4428 54/1.5/m / / I I  m 
6059/6062 50/1.4/m / / 
6060 50/1.4/f  50/1 - 3 / f  51/1.3/F 
6070 44/0.9/m / / m 
6071 49/1.2/f  / / 
6072/6073 49/1.2/m 
4429 47/1.0/ /M / / m 
4430 49/1.1/M / / m 
Untagged 
Untagged 
Untagged 
Untagged 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
Table A8. Capture record for pike from Lolo (Slough41). See Table A4 for explanation of 
entries. The two mortalities on 5-7 were both angler caught pike. 
Mark 4 - 13 4 - 25 ^_1 5 - 7 5 - 9 
6055/56  60/  / f  *  /  /  *  
2952/55  81 /4 .4 /  81 /4 .4 /m 
2953 53 /1 .1 /m 
2954 68 /3 .3 / f  
2956 60 /1 .6 /m *  /  /m*  
2957 56 /1 .6 /m 
Mor ta l i t y  *74 /3 .3 /m*  
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